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(54) »!l3Sa>«)»] «E««ia^1l 

(57) [Si^l 

:*:^EB©aEa«t^m$?«tt, OTAl 
2timx.. OTAl©a;*ffi^-|C(4Al?f[HlK3 a, 3 

ik^mK 3 a . 3 b {cffi)6i-5Sl!)«SIE^fe^i-5ffl:* 

SBl 2 t^Sr>^■f So CMFFlHl^2tt, OTA 1 rt»ffl::^lf6 
1 2 ^:l^&#L.^^«fi^©tll:^aSl SSr^rs. OTAl^r 
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SfUBHSiBli M^-^fcS^-r 5 A;^l» t , 



[S*«6l S5l5A;^g|5« fl^|Sffi;^SB, iaitffltrieilffl 

i:fcliigSr«IgW;^gB*3<fct;!fl(llBIWtifig^>®J»lH]BSlc« 
«&f I'V h 5 7-lHlKSr«ix.. 

»J«-t-5 r t ^511*5 1 ~ 5 (DV^•f tb;4McfE 

ffiE^ 1 *5 i: t;^ 2 <D ti:i;^«^^/6^ ?> ffl;^ $ tbs mmmm 

[000 1] 
[0 0 0 2] 

[t«jfe®s^ffi mmmmvi. v2Srii»mj« i oi, 102 

l^^#li"2>OT A(Operational Transconductfuice Ampl 

fi8^^*s^»U^:v^t>(^5fi, ±XI^<oota (fbota:Fu 
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lly Ballanced OTA) i:l¥^^^^5o FBOTAOttJASg-^^lCfl 
[0 0 0 3] HtbttJlVl, V2iC^il}^^fctt;55^^tt 

[0 0 0 4] ::cDa(7)$|^^^5fet"^fcJ6{C, 014'- 
His l^l^i" J: 5 J^c^l^ffi ^ K/-^ y ^ (CMFB:Connnon M 
ode Feedback) fe§V>}mil 9 Id^f^t 5 
y A—YyUcV—Y (CMFF: Connnon Mode Feedf oward) 

[0 0 0 5] 

mmm^\^^ 5 ^r-t-s^i 0 1 4h«£*<?dcmfb* 

:/n:yi^ii-cfc^o mi 4comiEa;a^^isi$^afi:, OT 

ffi7^-hVN*y^lHlK (CMFBlHlK) 2ai:Sr«i^. OT 
Al<oai:/3«^(cHA?^lElK3a. 3b;6S^5gg$i^TV^ 

So 

[0 0 0 6] OTAl{r(^||Si®JEVl, V2;0SA;^$ 
tt. OTAl;0^e.ftMS)m^Iol, Io2;a5m;^$tt. r 
OUSim^Slol, Io2^:ft^^leIgS3 a, 3bcO>r:/l^- 

^:/;^JciJ;cfcMSj®EVoi, Vo21)-m^m^\c^y:. 
So CMFBIiIK2 a;!)*e)fi®EVB;65ffi;f3$tLSc -COS 

t). OTAlcoi^ffiffi;f3SEE;65:7^-hv^yiJ'*Jffli^tu 

So 

[0 0 0 7] mi 5Ht^^3^(7)OTAl(DP*ffl^^^^i" 
iBlKlil-efcSo ai 5(C^-r«fe*(^OTAlH. PMOSh 

Q106^. ^tmSfEiSl 0 1-1 0 4 etriRl i:Sr# 

[0 0 0 8] VyV-y:^^Qi\^^, Q106(^y- hfflg-f-tc 

MSimJEvi, V2;5SA;^$^^. h7>'e^;^^Qioi, Qi 

02(Z)y- h$S-?-|::CMFBlHlK2 a oW;^ifl:JE;&5A;^$ti 

^a6^i6fc^^<o«jEVB0dSA*$ixSo 
;^^Q103, Qi04(OKi/>f >^«^d^e)M»mSfciol, I 

o2;&5|±J;fj$tL. A^^{hIK3 a, 3 b 0>r ^^t'-^^'^^^tC 
rt^^l:fc|ISJ«aEVol, Vo2;65feDSo 

[0 0 0 9] 01 6f^fi§3R(DCMFB|HlK2a(Z)|¥» 

«^^^-riHl^0T*^'9. ^^:S:Sfe(M.Banu, J.M.Khour 
y and Y. Tsividis, 'Fully Differential Operational 
Amplifiers with Accurate Output Balancing*, IEEE J 
oumal of Solid State Circuits, Vol. 23, No. 6, p 
p. 1410-1414, Dec. 1988) icM^^tiyb tiOTfeSo 

[0010] 016 \mM<D^m% 2 a 

^i-lH]K0^*>So 01 6(oaJFB[HlK2 aj^. ^<vyr 



[HitellOi:. ^Wmk\ \ \h. It««l I2t^^ 

1- So y<yyr^^i ion. SJWitti^opi, op 

2- C«^$ttSo ^J^mmi 1 Uj:. mi7iR2, R3t 
^^y<i^^Cl, C2 tX-m0,itl^o itKSll2 

PM0Sh7i^v^;^i5'Qlll, Q112^NM0Sh7>'i^;^^ 

Q113, Qiut'&mmmiist'om^^ti^o 

[0 0 1 1] 01 5(DOTAl'd^bm:b^tlfcmW}MS. 

Vol, vo2«:. mmmmxti^i^\^-y>:^tmm± 

r*fcSf»J# rij io0i 6{c^i'/<yyr^^i i o\c 
X:h^fi^o /^y:7rlHlKi 1 0(^. 0iIxJ^MOS h^:^ 

s^;^ ^ i:At}mcm^rz^wmmmcx^mmy:i'n v 
M0S^7^-i^7;^Srfflv^^ty-;^:7;^-^l7-e«^$ 

tLSo 01 6(^CMFBlH]K2 atf'(7)SST:R2, R 3 CDlg$i 

siMcif uv^4|'g'{c^i, 0 1 6 coiiiK<^m:*^mi£ vc 

Vc= (Vol + Vo2) /2i:/^So 
[0 0 12] rrT\ aUEVol, Vo2(D|iai^5>i^rVd 
m. IMffi^5>^Vcmt-rS^. Vol = Vdin+Vcin. Vo2 
= -VdinH-Vcini:*i-ri:;5S"C#. Vc= (Vol+Vo 

2) /2=Vcmt/^So 

[0 0 13] mm\ 1 2fi. 5j^jE[HiKi 1 KD^t^n. 

JEVc^^SP;6^t>A;^^ ttfc«!p«iEVref SritKU. 
^cDH:g5g^X*fesmjEVB<lrttJ;^?i-So ccDmJEVBJc 
J:«9 0TAl(Dttl;^!^ffi^^>;&S©J^Sl^?ti.So ;Brfr«JtC 
ft. OTAl<Dffl;^l^ffimEEVc;&5S!j|^VreflC^b 
<*SJ:5^-0J»*^^So 

[0 0 14] ^(7)J:5tc, 015, 0l6{c^1"a;ffim 
m^^^Wn.. OTAl(Offi;AjSra!FB|HlK2 alcj;|p:7 

>r-hV'<y^©J«ii-srilcj:f9, OTAiortUST?^ 

^Lfc[^m:9'^^5fe-etSi:i/^54#@:^*^S:6^ 0 
1 6 fc^-r J: 5 tc, 2<@C0;^--ir:^7'OP 1, OP 2^ 

naoitKsi 1 2^5e:.s^i-s^«>. iHiK««^/h§i 

[0015] — 017 flCMFBlElK 2 a (OflfeOt^ 
«r^1-lHlK0T*& t) . <i^*Q5:Sfc(R.J.Baker, H.W.Li and 

D. E.Boyce, *CMOS Circuit Design, Layout and Simul 
ation') JCgB^ $ Mz. h<DX*h^o 

[0 0 16] 01 7^C;^oV^T. SJBEVol, Vref^it« 
•rSlttSSl 2 10itifi£jg*i:. mEEVo2, VrefSrlt 
«i-Slt«5Sl 2 2(Dimi^^t^MW\^tih(D:^^mm 
VB^LT#ibt^So rtbH^ SJl (V0I + V02) /2 
^®£Vref^it|{e-rs::i:^^«-CfoSybJ?). 016 
^i^CjeS:;i>5#P>tiSo 

[0 0 1 7] 01 70lHlK(12<®(7)Jt$^:§|l 2 1, 12 

27l)*^!ii>mxh^h<0(0^ 01 60J:9Jfc/^5/7rlHlKl 
1 O^i^ffililKl 1 1 0 1 6<^IhIKIcW: 

•CtSo 

[0 0 18] HSlffiiEVol, Vo2lC^LriHlK;d5i»?I^JC 
iS^-rSteSH. 01 6<7)IlK-Cfi®gLR2, RS^'^j^ 
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-eilit$(5^ 1 2 1 , 1 2 2F^(7)M0S 

[0019] ^±\cmm i^fcm i e , mi? o^H^^^^lv^ 

tcomat. Icm=y • VcmOBI^;65fc5fca6. 

[00 20] m^}it. mis \t,mtfmnmm i cmic^s 

^9i:Stifc (C.Wang, A. Hyogo and M. Ismail, ''A Single-End 
ed-Input Fully-Ballanced-Output CMOS Circuit*. 
^^m^^BUmW^^W^. ECT-97-34. pp. 13-16, May 1 
997) iCgl^ :^tltzi>(DXh^o 

[0 0 2 11 si8(Diiejt. mi4tmm\c, or a 

It. CMFBIHIK2 a i:^#U. OT AKDOHtifS'T-KM 
lgflHlK3a, 3b^mm^fir\^^^o OTA in. Atl 

®£Vi, V2^m^loi, io2(c:^«|-r§A:^Si5i 1 

t}Ul2a, 12 ht^^^^o 
[0 0 2 2] mi 8(DCMFB[ElK2 afi, mMfRm^2 0 
la, 20 1btsmmm^^^n2 0 2ti:^i-^o 

mM&^n2 0 1{tmtlUl2&, 1 2 b till&lfLV^« 

^^^r-r 201a, 201b jt^nm 

SMlol, Io2«r«iat. me>a«Iol, Io2;d5JD» 
$ttTS;iffiic(c/j:5o 

[ 0 0 2 3 ] m^fs I oi, i o2(Dmm^^^ i d 

m. m^^^^ I cm ti^^t. Iol= Idin+ Icm. I o2 
= - Idm+ Icm-efoS^fe. IcttIol+ Io2=2 Icm 

[0 0 24] $IJ^«:«C^^gi5 2 0 2\t. tlUyV^=7- 

m^^m^-r^hy^P:^^ (QI21, Q122) , (Q12 
3, Q124) hy:y-J:^^Qi25t. :^^r>zfOP 

mM^lreft-t^t, hy>i^:^^QnUzit2m(Dm 
m(2 lTef)tmti^o **5. h7:^v^>^^Q12H;: h7 

9 Q121(^^^^/v-ti^ YyV-yy^ ^ QlVl2<D 2 LT 
v^5;fci?)r*fe'5o h7Vv?;^i5'Qi2lSrignsaiS<i:S 

m^^%2Qi^mk\^^WM.\f^h^i^7Litmi (21c 

[0 0 2 51 HI 8 KNc ( b7:/>^^^Q121, 
Q124(Dg§lK;g) KfMl l<Dy'<W^T;^|HlKSr«^ 
-r^ b7>i;^:^t5^Q126, Q127(Dy-hfigiF-l-^Jg!^tL 
^fci6. KNc^^b h^>'v^;^^Q126, Q127coy 
— V\zm.^^nm%m^^^\Cfl'0. ®i£lcni= Iref 



ol, Vo20iSaE|^tsmjEfi®EVreflCl?L</jr5J:5 

[00 2 6] E 1 8 COIHIK-Cfi:. CMFBIhIK 2 a 
^2<@<7);&u:xb^^-I5]K (Q121, Q122) . (Q12 
3, Q124) fifiiR4^. ?a»lt*l«0P3i:Sr^tf 

[0 0 2 7] mi 9JlLOTAl(Z>a;^|S!ffl««El 

cmtC^g LfcFB0TA(?5M<^ti^3l^^J<^^-riHlKIil"Cfe «P . 

(F.Yang, C.C. Enz, *A Low-Distortion Bi CMOS S 
eventh-Order Bessel Filter Operating at 2. 5V Suppl 
y', IEEE Journal of SolidState Circuits, Vol. 31, N 

0. 3. pp. 321-330, Mar. 1996)(c:M^$tljt t>tD"X?fc 

[0 0 2 8] mi 9<Z)|h1KH. OTAl tCMFFlilK2 t 

<Sr^L. CMFFIEIK2^10TAl^^/Mr;^m^i*S'J^@•f 

So OTA in. xtinBy\\t.m^^^w&2 iih 
A;^mEV2tcm-rs[iiK2 1 2 ^-cs^six. rtL 

[0 0 2 9] OTAll^OM0Sh^>'v^;^^^Q131, Q13 
2^CMFFlHlK2f^C0 h7>'v^;^i5'Q133i!r±. ;d h ^ 

^-lplBSr«^Lr*5f?. CMFFiHiK2rt(Oh9:/>:^;^^ 
Ql33^^St^5a:^^ i c^us^tv^mSt^^oT a 1 rt<D h 
yl/-y7.^QilZ\, Q132SrigixSo OTAlrtcoh^^- 
i^;^^Q134, Q135W:. Mft®EVl, V2SrMilj®«£ I 

1. I2(C^»1-So CMFFIH1K2H. OTAlrtO|Hlte2 

11, 2i2twm\c.\mx.m^xh^t^. 

^^Q134, Qin^<n^t>^\zmmm^i\^fL2m(r>Yy 

:/i^;^^Q136, Q137**U ^h7>'i^:^iJ'Q136, 
Q137COy-htC|l^tL-ejx|l»®EVl. V2t^At}^ 

[0 0 3 0] Ell 9 6D0Kl^*5l^r. ^lilSiffill, 12 

ffi^5><^^^^t?o :i(om«Lic^:^;i/>'h^ ^-mK 
^fflV>TOT A 1 (DyUr:^mi&t LX^i^^^^t 
X\ OTA 1 <OA;^^-^(c^^tt5[^ffi^5>m*^*i 

So 

[00 3 1] m 1 9 coiHlKtiKthd^S^-C. i^^^y ^ - 

-<xmi^m^^\^±x^^o fzfzu A:^is^vh V2 

{C^^;h.Sllffi^5>jm^-CtSt>coco, OTAl<7)rt 
Sp 

[0 0 3 2] *:^P^}i. Z(D^^^l^\C§&^XfJ:^fitc 
[0 0 3 3] 
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[0 0 3 4] Si*3Sl©^i^Sr. m^itmncM^^^f) 
Alt. tm^fSi^Umm^S l4CMFFlHlg82tC, rA;^? 

Ifisj ttA;/3a8 1 m:fjni ttffl;^lfP i 2 tc, JE-Jv^e 

[0 0 3 5] *fc, *Be^ft. MStimffiSrisftmjttt-^ 

^WU. BSiaA;^)g|5tt, B5l2IHi^»S!)WlHlK 
offl;^ft#«5 A;^ * ti»«^-oiii(i«ijSB-«r»t As^aj 

10 0 3 6] it*^3 05l?g«r, M^timsKMPt^^t-f 

T»Mi-st, rigii)«Em«E3E«iia«sj ttiaiooT 

A lie:, ri^fSfig^J-^J^IUKj HCMFBlHlK 2 a (C, TA 

;^)g|5j liA;fjasilw. raj^SBJ fim^Ui 2ic, 

[0 0 3 7] ifz. namjE^^wMf-^ 

liIiSSrili!l«li-5IWffifi!J^^f|iiJ«l|HlKf:, Sr{i^fc«JE«aE 

IISimjES:'|'ffl^t^<c^«lt-5A;^3SSi:, iriei'lffllt^ 

wmk\i.. ft^Il2l^ttfi^5>$|J»IeIK«ta;^^cS'3^^•r7^ 

[0 0 3 8] 18*^54 (0^9^ Sr. 0i|^liE17{c»f£;<5(t 

AKC, rra^B^^ftJftlEllSj «CMFB|iIK2 al;:, FA 
iiA;^esiK, rffl;fjffl5j r±ffi:^«5 1 2 ^rH 

[0 0 3 9] ElUc^-r^§^tt. £JlT©J:5l-« 

[0040] nftsff srHSisat-^m-ts^Kimffs 



{t-^(i^m-t-5A;^jgBt. tfriHf^«-§-(cS-:5v>T:. A 

|SA;'jSK(ci4M»m;55A;^$ix. fltlfSA;/3«l5<^m;t)S» 
^tt. flfil2l^iefig^>0Jffii|HiK*5J;tMiH(U;'3fi6©«-A;^> 
Ja^tcgg0>**i, «riBllffi^^^«iJ«llK©-*KZ)Wyj«SB 

[ 0 0 4 1 ] El 5 ic^-r^Mtt, £ATco J: 5 

[0042] wibns.^mimi\x4mt^w»m:s.% 

J; 5 lcmrieMl!)mffiSj!S^«llHlK&$!lffli-r-5l^ 
«rlBA;^88tt, M«i«E*SA*$ii5-*f©A;*iiS 

IMffif!ei^®JWlHlKioJ;Utmtti;'3ia5©«-A;'j4g^^l-Sig^ 
litr8EIBHafig^J«i|iIK©-»otli;^3«^ri, i:v> 

l:lMi^!&$^^Tmj|^A;^^fCco®J^^iS^^v:»«g$tt, SfriaH 

[ 0 0 4 3 ] E 7 ^!:^■1-3l?^tt^ etT© J: 5 (ifll^^li/ 

5„ 

[0044] Mi!)«ffi?rll»miglc^Jfei-'5iai)«Jim 
flfri2A;^)lfl5»4. M»)SJEd5A;^/Six5-*froA:^«i 



-5- 



[0 0 4 5] 

[0 0 4 61 1 (ommmm) m i \^^^m\m^m 
Bmm^msm(Dm i <Dmmmwi(D:fu ^ ^ m-efcSo 

[ 0 0 4 7 1 m 1 <Dmmmmm»mm^> mw}nB^m 
[0 0 4 8] oTAifi. mmmjE^mKommmmc 

lHlK3a, 3 b(Ctt*&-r^m2 0MS)m«Iol, lo2^ 
^^i-^mt)"^! CMFFlHlK2H. OTA 

1 1 2 <i:B&^ i.^m^(Dm:^n 1 3 ^^rt- 

loo 4 9] mpL^t. mtiUi 2, i3\^\zmsvyy 

tlUl 3(Dmt)mMloV , lo2' \ts loV =k • I 
oU Io2' =k • Io2^3fe5e 
[0 0 5 0] ^fd. ffi;^$|512, 1 3\^{Z^U^--yh 

^^-yhy ^(D=^%y^ k fiS-CS>4x« J: 

[0 0 5 1] ^fc. W;^ai2, 1 3f^tc:-rvt:°-^>^ 
;^#^d5-gr*ttSS^jc:ji, tU;^Si5i 31^(0^ ^^if-y 
^:^^i^(D^^t''-y>';^(i. 2F^co^yb'- 
[0 0 5 2] *fc. mtiUl2, \3P^\Z^^^<'t/^m 
<D^^y<i/^lyy^\t. mti%12P^(0^^y<i/^mi-<0 

[0 0 5 3] iai(C:feV>T. ta;^»ai2, 1 3(7)ffl;^iffi 
^^1 2 2, 1 3 2(D^:/fc*-i5^>';^ll> A:^SI511(^ 

1 1 2 12,13 CO A;^ig^^ i 2 

1, 1 3 l(^-r>'t?'-^:^J^J:!?t>> «lx.tf:^ctVN|i{c: 



[0 0 5 4] tH;Og{$i 2, I3\x^fi^fi. mtim^^ 

^'^mn^hti^<^um^'^\2 3, issir^-rso 
mti%i z<Dmti^^ni 3 2\xm^\zm^^nxmti 

m 2oM»«S^i 23tm:hUi 3(^0J»il8^l 33 

ioo5b\ mti%i3(DmtinMioV , 102' cosj 

(Omm I eft. mWmM I dm;55f]-t,?g^nT I c= 2 k • 
[0 0 5 6] ^fc> ^i^-rSct^t-. t±i;'3SI5i 2, 13 

rttC, ^Jlfig^ 1 2 3, 1 3 3 {cSgg$;h.fciMOS h 7 V 
Umi^^l 2 3. 1 3 3JC 

[0 0 5 7] i-/.Ci:>*). W^fl|l«^l 2 3, 1 3 3tCM0S 

micmt^'^vitfi^X,o\z\!s^^ti^i2, i3co/wr;^ 

A^aflEK3a, 3bO>r:^t:''-i5^>^:^^y^i-'5 
y • I cin+Vref=Vref^/^5o 
[0 0 5 8] Z.(D^oK, HI (OHjSfeJgffiJ^. OTAl 
SrA^gP 1 1 t mtiU 1 2 CO 2 ocoy n y ^ Id^^fiJ 
;^)^o, OTAl^®Jt9|'r6CMFFIMIK2(7)«^^W;^;Sl51 

[0 0 5 9] *fc. ±ifiLfcJ:5lc. iai9(c^-rfi§« 

(nnwMMWS^^Wi^. OTAl rtajT*^^ Lfci^fflfig 

«mSSB-e«:. A^JlFPl llc:attS«JIEJcS<5v^TW 

;^g^i 3m&-hU \ 2(Dy ^—YyisrV-YUn^'fsb 
fci^. AtlUl l^co§SgrtgP"C*^Lfcllffl^5>*r^ 

[0 0 6 0] ^bJC, tft^lHlKSa, 3b(Oflfc«(cS2p 

[00 6 1] m2<DmMj^m) m2<ommmmn. m 

1 o^m?f^ffico:awo"e$> mis tmmmz^ Lv^ 

OTA 1 a ^W'tS^BJ;^;^LTV^So 

[0 0 6 2] El 2 H;2|s:5IP>^lc#S«JESM^m3^K^7)^ 

2(omtmm<om^m'(^h^^ m2<D?s.t}Ui in. ^ 

m^M2 1-24^. NMOShyi^v^^^iJ^Ql, Q2.b^ 

SfetR 1 ^^^i-So tti;(3Sisi 2t*PM0Sh7>'i>;^i?Q 
3. Q4tm(^VyyJ7.^Q5, Q64r*U ttlAIIB 
1 3j*PM0sb^>'v^^^Q7, QS tmoshyy-J::^^ 

Q9, QlO^W-rSo 

[006 3] 12. 13 LV^fll^S: 

ttJ:*jSPi 2rt<^ h7:xv?;^i5'Q3, Q4oKi/-r 

lHl^3a, 3b7b^mm^tl. :a^^[HlK3a, 3b(7){tfe« 
JCflSifimiEVrefdSRiijnStlSo h7^-i^>^^Q9, 
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QlOtOKU^yfflS^^ h^V-e^^^iJ^QS, Q6, Q9, 

7, QS(Dy-hti^^\cn. 'f^m^fcm'&(DmBVB 
;d5H]*n$n'5o h^^^i^^i^^Q 7, Q9<Z)^Ku 

[0 0 6 4] gl2COSmilfEi!i2 1, 2 2fi, «l|;^«E|3 

hy>'v^^^ 3 1 CO hy^/v^^^ 3 1 
coy- big^(;iSEgE$;h.fcmEEM3 2 ^T*«^$ti5o 

mmmm2 3, 2 4ft. W;t«Sl9<Oi:5lC, NM 
OS h7>^v^;^^$^Q201^. Z(Dhyyi^::^^Q201<D^— 

[0 0 6 5] |i!2r(t. mti'S^l 2:^^h'k^\Bl&3 a (C 
'5m«^Io2, tt};'jgI51 30h7>^S?:^i5'Q7, Q9(D 
h ^ vv?;^ ^ Q 8 , Q 10(7) K i^-f >iSi^l^±<^ftjK^;d* 
[0 0 6 6] mtiUi 3P^o:>h^yi^:^^Q7-- 

(0 0 6 7] 02{C*5V^r. h7^^i^;^t5^Q5, Q6<^ 

• I cm) li-1fn-C*lttl«*^*V\ L^;65oT. I8«E 
I ol, I o2(Dm^^^ I cm/i^if u i 5 1 

[0 0 6 8] ;i(oj:5tc. fS2<Dmmmm\t. mi(om 

mmmtmm\c^ oTAi^A:bniitmtiUi2\c 
^mr^tth\c^ oTAi^sjiai-rscMFFiHiK2^ffl 
:hm2t ^-mmc Lftiti^. m 1 4 

[0 0 6 9] ^fc. llj2(7)CMFF[eIK2-e}t. A;^S15 1 1 

(Dy^ — vy^'y—vmw^^ofci^. OTAicDp^ 
m^\'im2(DA;t}Ul l(Ohy>i^:^^Ql, Q2 

[0 0 7 0] (m3(Dmmmm) m3<Dmsmmh. m 
1 o3iJfe?^ffi<^ Jr*0!i-efe •9.019 tmmmcm lv^ 
OTA 1 ^wi-s^^y^^Lrv^So 
[ 0 0 7 1 1 n 4 ri*«§^{;i«smjE««iEm3^g<7)^ 

3 «D|llfe?gffio[iIKEI-cfc6o m 4 <Z)A:^S|5 1 1 UNPN 



h7>'>^;^^Q21~Q26tNM0Sh7>'i/y^^Q27, Q28 
ir^^U ffl;^lf|51 2ttPM0Sh^>'v^;^i5'Q29, QZOt 
NPNh^>'i^;^^Q31, Q32^^^L. CMFFIUK 2 ^« 
^-f -5^:^951 SftPMOSh^^'i^^^QaS, Q34<bNPN 

hy>i>:^^Q^s, Q36i:SrWf6o ttJ:tflfl5l 2tc:f:iA 
l^[HlK3a, 3ht>mm^fl. 'km^^3a, 3 b (Dffi 

[0 0 7 2] lil4'T?fl. A:h%i i^<ohy>t^y^^Q 
27, Q28oy-hi8^(;:RiJ!jn$n6^ftaiE^vi, V2 

tL. mtim 2:^>h^^^m3 a, 3h\cmti^mm 

Sr^ti^tiiol, io2^L. m:^"^! 3\H(Dhy>i^:^ 

^ Q33<D K W'-f >'1Q^ tV^ l^i^^ ^ Q3^(0 3 I^^ i5^«g 

[0 0 7 3] EI4(D$^BJt, (HI ^l^^lc, hy:/:;^^^ 
>5'Q29, Q30, Q33, QZW^— h^'^t h y 
Q33, Q34(Dh*U^yS^^K\^^cmf^\^X\^^^o hy 
l/i^y^^Q2% Q30, Q33, Q34(^y- hSS^tdftSJfE 
fliJ£ixiZ^*>ii/^fci?). ai;/jgi5l 3^«LtL§mffil * ol, 
r o2^o?p^^a^Ic;6>■^^^c;&^i:p^c:, m;t/gi512 

ftCMFFiHiK2 mtim3) \z.^y)y^-Yy^y-Y 

un^fx^. ^*^LT. ia4co^se(^w:^i^ffiSffit^ 
[0 0 7 4] ^3<Dmm^m\^^^^xi^. OTAI^A 

1 1 i: mtiU 1 2 fc5^SiJ-rS ^ b tld. OTA 1 ^ 

$5»~rscMFFlHlK2^tli;^?gl5l 2 i:l^-«fi^{Cbfcfc 

Ell 4^(c^t-fie*oaEi:Jic^^»eicit-<TiHi 

[0 0 7 5] ^fc. 114 WMFFlHlKft. A;^lfI5 1 1 ;^)^^ 

tisti^Mz,mMK^^\'^xmtiUi 2^y^ — vy7tv 

-YUn^^fz^. OTAl<^)rtSP. 'piJ;t«ia4(7>A;^; 
IPI l<oh^>'>?>^^Q27, Q28Sriie*i$S«6ll, 12 

Otmmt^^mtf^^. OTAlOrtSPT-B^Lfci^ffi 

[0 0 7 6] (^4 (DmmwM) m 4 onKjg^ft. o 

TAicortgl5(?)A;^g|5i 1 ^mm'&2s.\ciiy)y >( — 

[ 0 0 7 7 ] m 5 nj^mm\m^^mmtmmw(o^ 

^Hft. OTAl^, CMFBliIK2 a ^^{ix.. OTAl 
(Omtlf^l' 1 2 2 iCttA^IilK 3 a , 3 b d^^J^Sil 

\Bi& 2 a\^mt}Ui 2 mmLi^Mmomtiui 3Sr^ 

[0 0 7 8] ±5&Lfc0 1 (omm^. m:bn 1 3 (Dmti 
^mtiUi 2{cm^i'Xy^-Yy:tu—YMm^n<:> 
x\^^tz(D{cnL. m5(Dmm\-t. mti^i 3(omti^A 
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2 (ommi^'T' 1 2 3 xtjn 1 1 <Dumi^ 

10 0 7 91 m5<Dm:t}Ui 3(Dmtii^^ni 321^1: 

as I c= 0 -c/.^ Jtntf /.^ b 

[0 0 8 0] bfc;Ji5or. ^(D^oti:^'^. llSco^g 

m«J65CMFB®K2 a mtim 3) til J: !9 :7 ^ - hV< y 
^*J»$t^. ^^^LT. lEIl^d^tC, m:^^l2(D 

[0 0 8 1] CcOB4<?5^fi^^(C*3l/^Tt. OTAl 
rtcDA*Sl lSr7><-K/^yi5^«|«l-fSCMFBlHlK2 a 

OTAlrt<^tb:/3giJl 2 .JrE}&l^-co«^(::Lfcfc 

[0 0 8 2] 5 (Dmmmm) m 5 c?)SiiiS?^^{i. n 

[0 0 8 3] 6 

li«ft3IS2l, 22t.moshy>'i^:^^Ql,Q2,Q 

41, Q42i:. g^Rl^^^-r^o W;^Si512fi:, PMOS 

•t^o CMFBIEIK2 aSr«^f SW:^SP1 3(1. 1 

<^^m«ffiM3 3, 3 4 ^<Sr^1-6o 
[0 0 8 4] A;/J?f|51 1 h7:^v^;^i5'Q41, Q420 
ai;^asi 3rtOb7yi^:^^Q7, Q8 

ffliJffiic=0(t?i$o ^s^c. la6o[Hl^§^-4ov^■c 

fc. m8Elc= rol+ ro2=2 Icm (;fcyS:L. I cmfl 

[00 8 5] (^6 (onmmwo m e <Dmmmm\x o 

T A 1 P^U<r>Xtin 1 1 tCMFBlHlte 2 a S#«rCMFBlHlK 
2 a (Z)ffl:/3 J: 0 :7 - K/-^ 5/ iJ^ W^-f S t or-fe So 
[ 0 0 8 6 ] H 7 H:$:^9^lC>eS5m)£m^fe^m3^g<^^ 

S^gfl. OTAlt. CMFB0K2 a t«r*i;i. OTAl 



omti^'FimA^m^s a, shi^imm^ti^o or 

Altt. A;^lfPl 1 i:ttJ;^ai 2 i:S:#L. CMFBIhIK2 

a \tmtl^ 1 2 ^PI&l^~(^«^-C$>So 
[008 7] mi (Dm&^^s CMFBIHK 2 a S#^CMFBIh1 

K 2 a J: !9 7 >r - K/'^^^ ^ SdlSf S^-CB 5 

[0088] imi (ommj^m) % i <o%mm\^. » 

[ 0 0 8 9 ] 8 n,'^%mm^msMM^^mm.(o'^ 
i<n%mm(r>^%mx^^, m^(D'^Wit. cmfbsk 
2a(omjmw^^mt. m^o^m^hn^x-k^^, cm 

FBlHlK2a«. OTAlrt<0ffl;fj$|51 2^|l&|^-1»^0 

m;fjgPl3^WL. tii;^f$151 3(1. PMOSh^^z-^X^Q 
7, Q8 tNMOS >'v^^i$^Q9, Q10<!r Sr^t"Sp NM 
0Sh^>'i^;^^Q9, QIOCO-^^— ^JS^:feJ:t;^KW>' 
^B^<^r. A;^aSl 1 P^(DNMOS h7>^v?;^i5'Q41, Q42<0 

[0 0 9 0] NM0Sh^>"i^;^^Q9, QlOCOy— h«S^ 
Kl^>r^^«^«rESi-'5:i^(^<tf9. CMFB|HlK2a<D 

[0 0 9 1] **5, lastfcomsftMa 1, 3 2H. tai^ 
I119(c^'rj: wmVyy\>y^^Q,l^\}i^ r 

^m.^MzMBM2 0 1 ^-C^^^tuSo 

[0 0 9 2] {%%(o%mm) %^\^w^'t^%3'-^ 

[ 0 0 9 3 ] 1^ 1 0 (l^lSMIC^-SmffiSSE^JjUSH^^ 

[0094] 010 <DXti^ 1 1 (1. PMOS h y >-Jy^^ 
Q51-'Q54ir. NM0Sh7>'v?:^^Q55, Q56t. S®K 
ag5 1-5 4 SetRl ^^W-fSo ffl;^ll^l 2(1. 
PMOS h7>^v^:^i$'Q57— Q60^. NMOS h 7 :/v^^i5' Q6 

1, Q^2t^^\.. CMFFIiIK2Sr«^"rstU:*gI5l 3 

(1. PM0Sh^^^i^X^Q63'-Q66t. NMOS h 7:^^^:^^ 
Q67, Q68^^W-r6o 

[0 0 9 5] A:/ja5 1 l)h(OVy ^^i^;^^ Q51, Q52 
<i:. mtim2^(r>Vy>i^ys^Q^l, Q58i:. 
1 3f^C7) h^:^v^;^^Q63, Q64^(l. iJU^'V^y — 

lHlK$r«^Lr*5«9. I^«(;i. A;^ai irtcoh^vv? 

;^^Q53, Q54t> ffl;/j|l^l 2rt<Dh7>'t^;^^Q59, 

Q60^. tU;^^! SF^tD h^yv^;^i$'Q65, Q66iH. 

[0 0 9 6] ±M\^fzm2^(Dm^x\t. xtiUi ii^ 

r^^L:fcm«^tti;t»gpi 2, 1 3lcSt)5>H-ri/^fcfc: 
OTAl coA:>^mffll{c»-r5t±i;^m*^(7>fJ'&Sr 

h7 (Iol-Io2) / (VI- 

V2) diffiT-rSo rti(C*fLT. Ell 0<OWmt. A 
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^it^. 1 1 itttitiU 12, 13 ^mBmrn-r^ 

[00 9 7] 9 (^Sljffi?!^^) H 1 1 

[0 0 9 8] Ell KDmwh. xtiUi 1 tmti-^i 

2, \ '^^(nVyl^i^y^^ (Q51, Q52, Q57, Q58, 
Q63, Q64) . (Q53, Q54, Q59, Q60, Q65, Q6 

[00 9 9] mio(D%mim) mi2n:^^mv:.^ 
smiEmis^m^BcoB 1 0 <ommfm(Dm^mxh 

[0 10 0] mi 2<D^mhs mi oco^wtmmc. 
mmp^\^^\^>v%y-M^^WL»xxtiUi it^hm 

mtim2, i'i\z.%^mM^mt^\^\t^x^ vy 

[0 10 1] (^1 KDmmmm) mi lommmm 

ft. OTA(^CMFF[h]K2 ($>^V^(tCMFBlHlgS2 a) cDttl 

ti^^M 1 3 2 icmmi^mm't^ r <h d . m:bm 

[0 1 0 2] 01 3\t^mm\^^^^mj£mM^^mm(D 
mi i<ommmwi(r>:/uy^mxh^o mi 3<^mjEm 

m^^mWi\t. ±3$LfcIlll, HIS, ij7l;i^LfcOT 
Al^oi;rK:MFFlB]K2 (^^V>J1CMFB[H]K2 a) jii^f^J^^ 
S:^g»S<^OTA (FBOTA) 5 1^. FBOTA<Z)ffl;^^ffi^ 
lcg^Sg$*xyt«J6Jl5 2t^m:t^o «8i^l 5 Itt. CM 
FFIHIK2 (fe5l/^ftaFBlElK2 a) (Dmti^^m 3 2 

(c^Jgc^^^Tv^5o «»Jx.tf. ia2(c^-rj:5J-. OTA 

[0 103] rtttC^LT. EI13(7)ggfi. FB0TA5 
l<Dmi-l 5 l(C«JfEil5 2«rg§J^Lrv>-5fcii>, FBOT 
A5 l;65^rIx.ff|i]2lC^LfcOTAl^oJ:traiFFlHlK2 
;d^e>>SSlHlKr*&§#^{-H. y • I 

cm+Vref=y • I o/ 2 + Vref ^ ?i5o ;fc;fe*U yft 
^^m^3a, 3 bOr K^^V;^. Vreffi:ft^lHlK 
3 a, 3 bC0-«tcM$tv5S*m£E. Iott««a)| 

5 2^^iv^'eMxh^o 

[0 10 4] :l<DX^\C, FBOtAS l(Dmt}^^\^mM 

2xmm^^:it7!)^x^^. 

[0 10 5] mi 0-01 2Xn^ 112, El 6, 



5C«J<S:lft0JLfc;6S. 1114 (^lHlKi;ioVNTt>l^^^(c, mWL 
[^m^:^i^>h^y-mSS^^^^^:zt\cX^ VyvTs 

[0 10 6] 

^^^mmx^. ^%'m:^fi-m\\Lx^^hh\, 
[0 10 7] Ka(^rt^fI5^^(c^^5««(cs^v^r 

[0108] %h\z.^ w^m^wmi'&<r>v^i^^=^\z.% 

m 1 1 i^mfi\z.%^msmLWS^mm.(om i (ommm 
[12 2] :^mm\c^^n&mmm»:mm<r>fS2(Dmmm 

m4] :^mm\c^^^mmmmmmmm(om3<omm^ 
[HIS] ^mm\cm^mBmmm»:mfS:(Dm4(DmmB 

[0 6] :^mmK^^mBmm^»msi(Dms(ommm 

mcom^mo 

[0 7] *^^IC«SaffiS«^lfe^fi(^S5 6(D3life?g 

[0 8] *ISWlc«5«JE®863ES^Sie(0^7O*ffi?^ 

[0 9] 0 8 4'comiisai(^i¥*ffl«^^^'riHiK0p 
[010] :^mm\c^^mmmmm»ms:o:>ms(Dmm 

[011] *^§«ic«$«EttSE^|fe»B(7>^9 0^1fe 

[012] *:^5gic«smEmaE«»^3sgosi o<r)ii 
[013] :^^m\mhmzmm&^&m(Dmi kdm 

[014] ^^3l5(^CMFB:^^(DFBOTA^{i^femjISSE^ 

[015] «^5K<DOT A 1 O|¥«i«fiK^^1-IlK0o 
[016] m^(D(WBm» 2 a c^S^JWW^gSr^flElK 

0O 

[017] CMFBlHlK2 8i(D«iL(Dit^m^^i'\3\mmo 

[018] mtfmmmm i cmic«s ufcsffmatagm^ 
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[019] m:hw\nmM I m\c^n \.it 

1 OTA 



2 (WFlHlK 
1 <0^<D 2 a CMFBHIK 

3a, 3b A?^lHlK 

1 1 A;t/lfl5 
12,13 mf}^ 
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Vref 
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mi 0] 




mi 1] 





imi 8] 



«jftfi^ xjjm OTA mjKfe^ 
cMFB[Hii& 201 b 11 1 a^tm 291a ftjpm^ia^ss 
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